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KINETIC ENERGY HARVESTING IN A 
DRILL STRING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

Not applicable. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the ?eld of Wellbore drilling and 

more speci?cally to the ?eld of harvesting energy in a Well 
bore. 

2. Background of the Invention 
Wells are generally drilled into the ground to recover natu 

ral deposits of hydrocarbons and other desirable materials 
trapped in geological formations in the Earth’s crust. A Well is 
typically drilled using a drill bit attached to the loWer end of 
a drill string. The Well is drilled so that it penetrates the 
subsurface formations containing the trapped materials for 
recovery of the trapped materials. The bottom end of the drill 
string conventionally includes a bottomhole assembly that 
has sensors, control mechanisms, and associated circuitry and 
electronics. As the drill bit is advanced through the formation, 
drilling ?uid (e. g., drilling mud) is pumped from the surface 
through the drill string to the drill bit. The drilling ?uid exits 
the drill bit and returns to the surface. The drilling ?uid cools 
and lubricates the drill bit and carries the drill cuttings back to 
the surface. Electrical poWer is typically used to operate the 
sensors, circuitry and electronics in the bottomhole assembly. 
Electrical poWer is conventionally provided by batteries in the 
bottomhole assembly. DraWbacks to batteries include main 
taining a charge in the batteries. Electrical poWer has also 
been conventionally provided by pipe internal mud ?oW, 
Which may be directed through a turbine With an alternator. 
DraWbacks to the turbine include location of the turbine in the 
center of the mud ?oW, Which does not alloW doWnhole tools 
to pass the turbine. 

Consequently, there is a need for an improved method of 
providing electrical poWer doWnhole. In addition, there is a 
need for an improved method of capturing energy doWnhole. 

BRIEF SUMMARY OF SOME OF THE 
PREFERRED EMBODIMENTS 

These and other needs in the art are addressed in one 
embodiment by a harvester tool positioned in a Wellbore for 
capturing energy in the Wellbore. The harvester tool includes 
a rotor comprising a magnet. The magnet is disposed eccen 
tric to a center of the harvester tool. In addition, the rotor is 
rotatable around the center of the harvester tool. The harvester 
tool also includes a stator. Rotation of the rotor induces a 
voltage in the stator. 

In another embodiment, these and other needs in the art are 
addressed by a method of capturing energy from a drill string 
in a Wellbore. The method includes providing a harvester tool 
in the Wellbore. The harvester tool comprises a rotor and a 
stator. The rotor comprises a magnet disposed eccentric to a 
center of the harvester tool. The method also includes rotating 
the harvester tool in an eccentric motion. In addition, the 
method includes rotating the magnet around the center of the 
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2 
harvester tool. The method further includes inducing a volt 
age in the stator. Rotation of the rotor induces a voltage in the 
stator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a detailed description of the preferred embodiments of 
the invention, reference Will noW be made to the accompany 
ing draWings in Which: 

FIG. 1 illustrates a drill string With a bottomhole assembly 
having a harvester tool; 

FIG. 2 illustrates a top cross sectional vieW of a stator and 
a rotor having an eccentric magnet; 

FIG. 3 illustrates a side perspective vieW of a rotor With an 
eccentric magnet; 

FIG. 4 illustrates a side perspective vieW of a stator; 
FIG. 5 illustrates a top cross sectional vieW of a stator and 

a rotor having magnets and an eccentric mass; 
FIG. 6 illustrates a side perspective vieW of a rotor having 

magnets and an eccentric mass; 
FIG. 7 illustrates a model of an eccentric tWo mass system; 

and 
FIG. 8 illustrates a model of an eccentric mass system in a 

harvester tool rolling along a borehole Wall. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The foregoing has outlined rather broadly the features and 
technical advantages of the present invention in order that the 
detailed description of the invention that folloWs may be 
better understood. Additional features and advantages of the 
invention Will be described hereinafter that form the subject 
of the claims of the invention. It should be appreciated by 
those skilled in the art that the conception and the speci?c 
embodiments disclosed may be readily utiliZed as a basis for 
modifying or designing other embodiments for carrying out 
the same purposes of the present invention. It should also be 
realiZed by those skilled in the art that such equivalent 
embodiments do not depart from the spirit and scope of the 
invention as set forth in the appended claims. 

FIG. 1 illustrates drill string 5 disposed in Wellbore 85 of 
formation 80. It is to be understood that only a portion of drill 
string 5 is shoWn in FIG. 1 for illustration purposes only. Drill 
string 5 is suspended Within Wellbore 85 and includes bot 
tomhole assembly 10. Bottomhole assembly 10 includes drill 
bit 35 at its loWer end. Bottomhole assembly 10 also includes 
harvester tool 15; doWnhole tools 20, 25; and near bit stabi 
liZer 30. DoWnhole tools 20, 25 may include any tool suitable 
for use in Wellbore 85. For instance, doWnhole tools 20, 25 
may include logging-While-drilling tools, measuring-While 
drilling tools, and the like. Bottomhole assembly 10 is not 
limited to having only doWnhole tools 20, 25 but instead may 
have any desirable amount of doWnhole tools. In addition, 
bottomhole assembly 10 may also have other components 
such as stabiliZers, an interface sub, a mud motor, drill collars, 
and the like. Harvester tool 15 may be disposed at any loca 
tion Within bottomhole assembly 10 suitable for the harvest 
ing of energy. For instance, in an embodiment (not illustrated) 
in Which a mud motor is used for drilling, harvester tool 15 
may be located betWeen the mud motor and drill bit 35. 

FIG. 2 illustrates a cross sectional top vieW of an embodi 
ment of harvester tool 15 having rotor 40 and stator 75. In 
such an embodiment, stator 75 is disposed Within an interior 
125 of rotor 40. Rotor 40 is rotatable about stator 75. FIG. 2 
illustrates an embodiment of harvester tool 15 in Which rotor 
40 includes magnet 45. In an embodiment, magnet 45 is a 
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permanent magnet. Magnet 45 may be composed of any 
materials suitable for use in a drill string. For instance, mag 
net 45 may be composed of iron, cobalt, nickel, rare earth 
elements, or any combination thereof. In the embodiment as 
illustrated in FIG. 2, rotor 40 includes one magnet 45. HoW 
ever, rotor 40 is not limited to one magnet 45 but may include 
any desirable number of magnets 45 suitable for disposition 
on rotor 40. In some embodiments, magnet 45 is a tWo pole 
permanent magnet (e.g., has a north and a south pole). FIG. 3 
illustrates an embodiment of rotor 40 in Which rotor 40 
includes one magnet 45. Magnet 45 may have any Weight 
suitable for capturing energy With harvester tool 15. In addi 
tion, magnet 45 may have any con?guration suitable for use 
With rotor 40. In an embodiment as illustrated in FIG. 3, 
magnet 45 may extend longitudinally along rotor 40. As 
shoWn, rotor 40 may include sleeve ends 50, 52 disposed at 
opposing ends of rotor 40. Magnet 45 is secured to sleeve 
ends 50, 52 by any suitable means such as adhesive. It is to be 
understood that the dashed line represents the center longitu 
dinal axis of rotor 40. Magnet 45 is disposed eccentric to 
harvester tool center 115 as shoWn in FIG. 2. Magnet 45 may 
be disposed at any desirable location on rotor 40 eccentric to 
harvester tool center 115. In an alternative embodiment (not 
illustrated), rotor 40 may also include an eccentric mass or 
more than one eccentric mass. In an embodiment (not illus 
trated), harvester tool 15 has a housing in Which rotor 40 and 
stator 75 are disposed. The housing may be composed of any 
material and have any con?guration suitable for use in drill 
string 5. Some embodiments include the housing being com 
posed of materials With different densities and an uneven 
distribution to achieve rotational eccentricity. In an embodi 
ment, harvester tool 15 may have an annular design. In some 
embodiments, harvester tool 15 may be a drill collar or any 
other suitable component of bottomhole assembly 10. For 
instance, in an embodiment as illustrated in FIG. 1, harvester 
tool 15 has a drill collar design. In such an embodiment, mud 
How may be in the center of harvester tool 15. Without limi 
tation, such a con?guration may reduce erosion from the mud 
and may not require seals because rotor 40 is not exposed to 
the mud. In some embodiments, harvester tool 15 may have 
an annular electronic chassis (not illustrated) to alloW maxi 
mum eccentricity of magnet 45 and/or eccentric mass 55. 
Without being limited by theory, any mass that is unequally 
distributed over the circumference of a cylindrical shell 
results in rotational eccentricity. Further, Without being lim 
ited by theory, maximum eccentricity may be provided by an 
annular chassis because the annular chassis has a large use 
able diameter, Which alloWs the center of an eccentric mass 
and/or magnet 45 to be placed a further distance from har 
vester tool center 1 15. It is to be understood that providing the 
maximum eccentricity alloWs more inertia for an eccentric 
mass or magnet 45 (i.e., the maximum transferable torque is 
proportional to the inertia). In an alternative embodiment of 
FIG. 2, harvester tool 15 includes an eccentric mass (e.g., 
eccentric mass 55) in place of magnet 45. The eccentric mass 
is coupled to rotor 40. In such an alternative embodiment, the 
parameters of harvester tool 15 may be adjusted to a desired 
speed and voltage range. In some alternative embodiments, 
the eccentric mass is coupled to rotor 40 by a gear box (not 

illustrated). 
In an embodiment (not illustrated), rotor 40 is supported by 

bearings.Any bearings suitable for alloWing rotor 40 to freely 
rotate about harvester tool center 115 may be used. In an 
embodiment, the bearings are rolling-element bearings such 
as ball bearings. The ball bearings may be composed of any 
material suitable for use in a doWnhole tool. For instance, the 
ball bearings may be composed of steel, ceramic, and the like. 
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4 
In addition, the ball bearings may have any type of construc 
tion suitable for an electrical generator and for alloWing rotor 
40 to freely rotate about harvester tool center 115 and stator 
75. Without limitation, examples of suitable construction 
include caged bearings, cone construction bearings, and cup 
and cone ball bearings. 

FIG. 4 illustrates an embodiment of stator 75 having a 
plurality of slots 70 in the surface of stator 75. Slots 70 may 
extend longitudinally along stator 75. In an embodiment, 
stator Windings 72 are disposed in slots 70 and extend length 
Wise along stator 75. Stator Windings 72 are shoWn in FIGS. 
2 and 5. Slots 70 may have any depth and Width suitable for 
stator Windings 72. Stator Windings 72 may include any elec 
trically conductive materials or combinations of such mate 
rials. Without limitation, examples of such materials include 
copper and aluminum. Stator Windings 72 may be of any 
shape suitable for use in capturing energy With stator 75 such 
as a Wire. Stator 75 may also have any desired phase of stator 
Windings 72. In an embodiment, stator 75 has three phase 
stator Windings 72. It is to be understood that stator 75 may 
have any other components suitable for a stator of an electri 
cal generator such as associated electronics. Stator 75 may be 
composed of any material suitable for use With an electrical 
generator such as metal. In an embodiment as illustrated in 
FIGS. 2-4, stator 75 may have any con?guration suitable for 
disposition Within interior 125 of rotor 40. 

FIGS. 5 and 6 illustrate an embodiment of harvester tool 15 
in Which rotor 40 includes a plurality of magnets 45 and 
eccentric mass 55. FIG. 5 illustrates a top cross-sectional 
vieW of harvester tool 15. The housing is not shoWn for 
illustration purposes only. In FIG. 5, north poles 60 and south 
poles 65 of magnets 45 are shoWn instead of magnets 45 for 
illustration purposes only. In such an embodiment, magnets 
45 are tWo pole magnets. In an embodiment, magnets 45 are 
disposed eccentric to harvester tool center 115. Eccentric 
mass 55 is also disposed eccentric to harvester tool center 
115. Eccentric mass 55 may be disposed at any suitable loca 
tion on rotor 40 eccentric to harvester tool center 115. FIG. 6 
illustrates an embodiment of rotor 40 in Which eccentric mass 
55 is disposed at a distance farther from harvester tool center 
115 than magnets 45. Without being limited by theory, such 
an embodiment provides maximum inertia. Eccentric mass 
55 may be secured to rotor 40 by any suitable means such as 
by adhesive. In an alternative embodiment (not illustrated), 
rotor 40 includes more than one eccentric mass 55. Eccentric 
mass 55 may have any shape and composition suitable for use 
in a rotor of an electrical generator. It is to be understood that 
an eccentric mass 55 composed of heavier materials may 
provide more inertia for the same volume. In an embodiment 
as illustrated in FIG. 6, eccentric mass 55 extends lengthWise 
along rotor 40. Eccentric mass 55 may have any Weight suit 
able for capturing energy With harvester tool 15. In an 
embodiment, eccentric mass 55 may be secured to an exterior 
surface 130, 135 of sleeve ends 50, 52, respectively. In an 
alternative embodiment (not illustrated), eccentric mass 55 is 
secured to edge portions 140, 145 of sleeve ends 50, 52. In 
other alternative embodiments (not illustrated), harvester tool 
15 includes a plurality of magnets 45 but does not include 
eccentric mass 55. 

It is to be understood that the speed of rotor 40 relative to 
stator 75 may de?ne the induced stator voltage generated by 
harvester tool 15. In an embodiment in Which the induced 
voltage drives a load current, a load torque on rotor 40 is 
created that is proportional to the load current. It is to be 
further understood that an eccentric mass (e.g., magnet 45) 
coupled to a rotating harvester tool 15 may spin relative to 
rotating harvester tool 15 in an embodiment in Which har 
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vester tool 15 follows an eccentric motion such as rolling 
along Wellbore Wall 90 as shoWn in FIG. 1. Magnet 45 spin 
ning relative to harvester tool center 115 and stator 75 may be 
used to generate electrical poWer in harvester tool 15. Without 
being limited by theory, the actual harvester tool 15 motion 
determines the amount of poWer that may be transferred from 
the eccentric rotation of harvester tool 15 to magnet 45 dis 
posed inside harvester tool 15. 

The eccentric mass or masses provide an unbalanced rotor 

40. The eccentric masses may be magnet 45 and/ or eccentric 
mass 55. In an embodiment, the energy transfer from the 
inertia of unbalanced rotor 40 in harvester tool 15 that is 
rotating along Wellbore Wall 90 may be determined from an 
energy transfer model. Without limitation, energy transfer of 
harvester tool 15 may be more ef?cient With a higher overall 
imbalance. It is to be understood that the model assumes an 
eccentric mass point With an equivalent inertia that has a stiff 
coupling to harvester tool center 115. The energy transfer 
model may be derived from a coupled tWo mass system 150 as 
illustrated in FIG. 7. It is to be understood that FIG. 7 is an 
illustrated model of a coupled tWo mass system. As illus 
trated, mass ml is coupled to a ?xed point P (reference 105) by 
a stiff connection 155 With length 11. Mass ml is coupled to 
eccentric mass m2 by eccentric mass stiff connection 160 With 
length 12. It is to be understood that stiff connections 155, 160 
are part of the theoretical model and refer to non-?exible (i .e., 
non-bending). As illustrated in FIG. 7, mass ml is accelerated 
by actuation torque, "ca. Actuation torque "ca is determined by 
Equation (1 ). 

In Equation (1), (I)l is the angle of stiff connection 155 in 
relation to ?xed point P, and (D2 is the angle of eccentric mass 
stiff connection 169 in relation to mass m1. It is to be under 
stood that CI)‘L and (I>2__are the ?rst derivatives to time, respec 
tively, and (D1 and (D2 are the second derivatives to time, 
respectively. Mass m2 is accelerated by load torque '51. Load 
torque "51 is determined by Equation (2). 

<I>2):—1:1 Equation (2) 

Equations (1) and (2) describe actuation torque "ca and load 
torque '51 for tWo coupled free masses. To describe the load 
torque "51 for an eccentric mass (e. g., magnet 45 or eccentric 
mass 55) in rotating harvester tool 15, additional constraints 
are considered. Additional constraints include rotation of har 
vester tool 15 not being a free rotation but instead being 
de?ned by conditions such as conditions of Wellbore 85 and 
drill string 5. For instance, such conditions may include 
forces at the surface of Wellbore 85. The conditions may also 
include interactions betWeen bottomhole assembly 10 com 
ponents (e.g., centraliZers) and Wellbore Wall 90. Without 
being limited by theory, motion of the eccentric mass is 
dependent upon motion of harvester tool 15, but motion of the 
eccentric mass has substantially no impact on motion of har 
vester tool 15. Therefore, to describe the load torque "51 for an 
eccentric mass (e.g., magnet 45 or eccentric mass 55), the 
solution of Equation (2) may be used instead of Equation (1). 
Without being limited by theory, the solution of Equation (2) 
may be used because Equation (1) describes the dependency 
of harvester tool 15 angular acceleration on a coupled mass 
motion or load. Further, Without being limited by theory, 
Equation (1) may only provide actuation torque "ca as a 
response to a load torque '51. 

FIG. 8 illustrates an embodiment of a model of harvester 
tool 15 rolling along Wellbore Wall 90. It is to be understood 
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6 
that the embodiment illustrated in FIG. 8 is not a tWo mass 
system and therefore does not have mass m1. Instead of mass 
ml, the model has harvester tool center 115 (represented by 
reference M). In the embodiment illustrated in FIG. 8, ?xed 
point P represents the center of Wellbore 85, Which is Well 
bore center 95. Harvester tool center 115 is not connected to 
Wellbore center 95 by a stiff connection. In addition, mass m2 
is not connected to harvester tool center 115 by a stiff con 
nection. In an embodiment in Which angle (I)l is available, the 
solution of Equation (2) provides the result for 002 as a func 
tion of load torque '51. In an embodiment in which 006 is 
available, Equation (2) determines the available load torque 
'51. It is to be understood that the motion of eccentric mass m2 
may stall and run synchronous With 006 in an instance in Which 
the load torque "U1 is too high, Which results in substantially no 
voltage induction in stator 75 because motion betWeen rotor 
40 and stator 75 induces voltage. Without being limited by 
theory, a general solution for Equation (2) is not available 
because the solution depends upon motion of harvester tool 
15. HoWever, it has been discovered that the limits of energy 
transfer may be determined by applying steady state condi 
tions to Equation (2) With motion of harvester tool 15 such as 
harvester tool 15 rolling along Wellbore Wall 90 as illustrated 
in FIG. 8. In FIG. 8, RC refers to harvester tool 15 radius, RB 
refers to Wellbore 85 radius, 12 refers to the distance of 
magnet 45 from harvester tool center 115 (reference M), 11 
refers to the distance of harvester tool center 115 from Well 
bore center 95 (reference P), 002 refers to angular velocity of 
eccentric mass m2 around harvester tool center 115, m1 refers 
to the angular velocity of harvester tool center 115 (reference 
M) around the center of Wellbore 85 (reference ?xed point P), 
006 refers to harvester tool 15 rotation angular velocity, (D1 
refers to the angle of harvester tool center 115 to Wellbore 
center 95, (I)2 refers to the angle of mass m2 to harvester tool 
center 115, and m2 is Weight of an eccentric mass. Eccentric 
mass m2 may be a magnet 45 or eccentric mass 55. It is to be 
understood that Equations (1 ), (2) account for more than one 
eccentric mass as each object (i.e., eccentric mass, connec 
tors, harvester tool 15 parts, etc.) are coupled in a stiff 
arrangement providing the system With one center of gravity. 
It is to be further understood that the complete system has one 
center of gravity and for the purpose of calculation, it is 
considered that the complete mass of the system is acting at 
the center of gravity. The steady state solution of Equation (2) 
for forced motion of harvester tool 15 around Wellbore center 
95 is shoWn by Equation (3). It is to be understood that forced 
motion refers to con?nement of the rotation of the eccentric 
mass to around its respective center axis. 

The steady state solution of Equation (2) to provide Equa 
tion (3) is shoWn by Equations (4)-(7), Which provide Equa 
tion (3) When applied to Equation (2). It is to be understood 
that the second derivative is Zero for the steady state. 

ml : (02 Equation (4) 

Mp1 Equation (5) 
m1 _ W 

_ Mp2 Equation (6) 
m2 _ dz 

sin((l>1 -(I>2) : Equation (7) 



US 8,022,561 B2 
7 

It has been found that the eccentric mass m2 (e. g., magnet 
45 or eccentric mass 55) follows the motion of harvester tool 
center 115 With a —180° phase shift in an embodiment in 
Which no load is applied. For 0° and 180°, load torque "51 is 
Zero, Which provides sin((I> 1—(I>2) at Zero. In an embodiment 
in Which load torque "51 is applied, the angle difference ((D1 
CIDZ) is reduced because the angle difference folloWs the load 
torque "51 in Equation (7). In such an embodiment, the maxi 
mum value of load torque "51 (“cm”) is determined by Equa 
tion (8). It is to be understood that the maximum value occurs 
When sin((I> 1—(I>2):1, as the sinus cannot be larger than one. 
Without being limited by theory, if load torque "51 is too large, 
the eccentric mass has no motion relative to harvester tool 15 
and Will stall at a 90° angle. 

In2l 1120312351,“; Equation (8) 

It has also been found that at an increased load torque "cl, 
angular velocity 002 may stop folloWing angular velocity m1 
and may be substantially similar to angular velocity (DC. In an 
embodiment in Which stator 75 is rotating at the velocity of 
harvester tool 15, voltage is not induced. It is to be understood 
that When there is no relative motion betWeen magnet 45 and 
harvester tool 15, no voltage is generated and both rotate 
relative to the outside at 006. In addition, the angle betWeen (D1 
and (I)2 is (I>1—(I>2,Which varies as a function ofload torque '51. 
Therefore, the maximum steady state load torque "51 achieved 
When sin((I>l—(I>2) is 1. Equation (9) is the steady state solu 
tion at maximum load torque "51mm of Equation (2) for eccen 
tric motion of harvester tool 15 in Wellbore 85 (e.g., rolling 
along Wellbore Wall 90). Equations (10)-(11) are applied to 
Equation (2) to provide Equation (9). 

Equation (9) 

RC Equation (10) 
(4)1 = —wc * — 

RB 

(1)1 - (1)2 : arcsiTTilRz] Equation (11) 2 _° m2l1l2wc(RB) 

The poWer output Pmax of harvester tool 15 for a given load 
torque '51 may be determined by applying the result of Equa 
tion (9) to Equation (12). 

Pmax:-c1m2(1+(RC/RB)2) Equation (12) 

In an embodiment, as shoWn by Equations (9)-(12), an 
increase in the Weight of mass m2 results in an increase in the 
poWer output Pmax as determined by Equation (12). 

In other embodiments, load torque '51 corresponds to load 
current lload that is in phase With the induced open terminal 
voltage Ul-nd. Without being limited by theory, in permanent 
magnet alternators, the alternative phase current is propor 
tional to the load torque. Iload and Ul-nd are determined by 
Equations (13) and (14), respectively. 

RC 2 Equation (13) 
uindin = Kc(a)2 - me) = Kcwc[1 + (R_) ] 

B 

Equation (14) 
I load imax : 

Tlmax 

In Equations (13) and (14), KC refers to the voltage con 
stant (i.e., in V/(rad/s), and Kt refers to the torque constant 
(i.e., in Nm/A). It is to be understood that tt refers to the 
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8 
terminal phase to phase voltage, With aY con?guration of a 
three phase alternator assumed. "51 max refers to maximum load 
torque, Which is determined by Equation (8). 

In some embodiments, additional poWer Padd is available 
for harvester tool 15. For instance, gravity has an impact on 
the additional poWer Padd available. Gravity has the impact 
dependent on inclination of harvester tool 15. Therefore, a 
rotating harvester tool 15 With inclination angle 0 may drive 
load torque "51 as determined by Equation (15). 

m2Z2 sin(0)<1:1 Equation (15) 

Because the rotating harvester tool 15 With inclination 
angle 0 may drive load torque 0 l, the additional poWer Padd is 
available to harvester tool 15 as shoWn by Equation (16). 0 is 
the inclination of harvester tool 15 relative to the gravity ?eld. 
For instance, 90° refers to a horizontal Well, and 00 refers to a 
vertical Well. 

(DCm2Z2 Sin(e)<Padd Equation (16) 

Harvester tool 15 may harvest various types of kinetic 
energy in drill string 5. For instance, the rolling motion along 
Wellbore Wall 90 is modeled by Equations (9)-(11). Without 
being limited by theory, the actual drilling induced motion of 
harvester tool 15 may not be as continuous and smooth as 
shoWn by the theoretical model of Equations (9)-(11). Fur 
ther, Without being limited by theory, the rough and erratic 
contacts in Wellbore 85 may result in a more e?icient ability 
to transfer energy than modeled by the equations. For 
instance, shocks applied from various angles may generate 
forces on the eccentric mass (e.g., magnet 45 or eccentric 
mass 55) that may drive electric loads. 

It is to be understood that harvester tool 15 is not limited to 
stator 75 disposed Within interior 125 of rotor 40. In altema 
tive embodiments (not illustrated), rotor 40 may be disposed 
Within an interior of stator 75. 

In an alternative embodiment (not illustrated), magnet 45 is 
embedded in an orthogonal axis With stator Windings 72 in an 
opposite direction. 
PoWer provided by harvester tool 15 may be used for any 

suitable poWer need in drill string 5. For instance, harvester 
tool 15 may provide poWer to logging-While-drilling tools 
and measuring-While-drilling tools. In some embodiments, 
harvester tool 15 may be used in areas of drill string 5 not 
available for poWer supply from a turbine. In an embodiment, 
harvester tool 15 may be used to charge batteries. 

In some embodiments, the geometry of harvester tool 15 is 
optimiZed. For instance, actual drilling data may be used (i.e., 
actual acceleration and rotational measurements may be 
made). From the data log of such data, the maximum energy 
transfer may be modeled. An alternator (i.e., harvester tool 
15) may be designed to the resulting speed and torque range, 
With the requirement for the voltage regulation of the alter 
nator output voltage desired. 

To further illustrate various illustrative embodiments of the 
present invention, the folloWing prophetic example is pro 
vided. 

EXAMPLE 

In the prophetic example, the resulting poWer Was deter 
mined for harvester tool 15 rolling in Wellbore 85 as shoWn by 
the model ofFIG. 8. RC Was 0.17 m, RB Was 0.216 m, m2 Was 
1 kg, 12 Was 0.055 m, 11 Was 0.023 m, 002 Was 180 rpm, and (D2 
Was determined by 9*43'5. 002 was converted to HZ (Hertz 
units) by multiplying 3 HZ by 2st. Equation (9) Was used to 
determine the load torque '51 as shoWn by the folloWing deter 
mination. 
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11:1kg*0.023 m*0.055 m*(9*4*7)2*(O.17 111/0216 
m)2:0.278 Nm 

The determined load torque "51 of 0.278 Nm Was applied to 
Equation (12) to determine Pmax as shown by the following 
determination. 

A further determination Was made With 002 of 300 rpm, 
Which using Equations (9) and (12) resulted in a load torque 
'51 of 0.773 Nm and resulting poWer Pa of 40 W. The increase 
in 002 resulted in an increase in the resulting poWer levels. 

Although the present invention and its advantages have 
been described in detail, it should be understood that various 
changes, substitutions and alterations may be made herein 
Without departing from the spirit and scope of the invention as 
de?ned by the appended claims. 
What is claimed is: 
1. A harvester tool positioned in a Wellbore for capturing 

energy in the Wellbore, comprising: 
a rotor having a mass or a magnet, Wherein the magnet is 

disposed eccentric to a center of the harvester tool, and 
Wherein the rotor is rotatable around the center of the 
harvester tool, and further Wherein the magnet or the 
mass is positioned on the rotor such that the rotor has an 
uneven mass distribution about a perimeter of the rotor 
causing rotation of the rotor to be eccentric rotation; and 

a stator, Wherein rotation of the rotor induces a voltage in 
the stator. 

2. The harvester tool of claim 1, Wherein the rotor is rotat 
able about the stator. 

3. The harvester tool of claim 1, Wherein the magnet is a 
permanent magnet. 

4. The harvester tool of claim 1, further comprising bear 
ings, Wherein the bearings alloW the rotor to rotate about the 
center of the harvester tool. 

5. The harvester tool of claim 1, Wherein the stator com 
prises stator Windings. 

6. The harvester tool of claim 1, Wherein the rotor com 
prises a plurality of magnets. 

7. The harvester tool of claim 1, Wherein the rotor further 
comprises an eccentric mass, Wherein the eccentric mass is 
disposed eccentric to the center of the harvester tool. 

8. The harvester tool of claim 1, Wherein the harvester tool 
is rotatable in an eccentric motion in the Wellbore. 

9. A method of capturing energy from a drill string in a 
Wellbore, comprising: 

providing a harvester tool in the Wellbore, Wherein the 
harvester tool comprises a rotor and a stator, and Wherein 
the rotor comprises a magnet disposed eccentric to a 
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center of the harvester tool such that the rotor has an 
uneven mass distribution about a perimeter of the rotor 
Whereby rotation of the rotor results in eccentric rota 
tion; 

rotating the harvester tool in an eccentric motion in the 
Wellbore 

rotating the magnet around the center of the harvester tool; 
and 

inducing a voltage in the stator, Wherein rotation of the 
rotor induces the voltage in the stator. 

10. The method of claim 9, further comprising rotating the 
rotor about the stator. 

11. The method of claim 9, further comprising providing 
the rotor With a plurality of magnets. 

12. The method of claim 9, further comprising providing 
the rotor With an eccentric mass, Wherein the eccentric mass 
is disposed eccentric to the center of the harvester tool. 

13. The method of claim 9, Wherein rotation of the drill 
string rotates the harvester tool. 

14. The method of claim 9, Wherein the uneven mass dis 
tribution causes any rotation of the rotor to be eccentric With 
respect to the stator. 

15. The method of claim 10 Wherein the magnet is posi 
tioned on the perimeter of the rotor such that the rotor has the 
uneven mass distribution. 

16. The method of claim 9, further comprising a second 
magnet disposed on the perimeter rotor such that a mass 
distribution of the rotor is unbalanced and the rotor rotates 
eccentrically. 

17. The method of claim 9, further comprising determining 
a poWer output of the harvester tool for the load torque, 
Wherein the poWer output is determined by: 

Wherein Pmax is the poWer output of the harvester tool, and (n2 
is angular velocity of the magnet around the center of the 
harvester tool. 

18. The method of claim 9, Wherein the magnet creates the 
uneven mass distribution, and the uneven mass distribution 
causes eccentric rotation of the rotor With respect to the stator. 

19. The method of claim 9, Wherein the uneven mass dis 
tribution includes a ?rst mass about a substantial portion of 
the perimeter of the rotor and a second mass about a remain 
ing portion of the perimeter of the rotor and further Wherein 
the ?rst mass is different than the second mass. 

20. The method of claim 9, further comprising increasing a 
Weight of the magnet to increase a poWer output of the har 
vester tool. 


